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For three decades, the significant development of naturally and biologically active 
carbohydrates was achieved. Saccharides as well as its conjugated protein, lipids, 
serve as the regulators on numerous life process such as cell recognition, tumor 
metastasis and immune system maturation. Despite their essential functions, the 
complex structure of these oligosaccharides is rather a barricade associated. And the 
synthesis of oligosaccharides remains a challenge work. Here, we developed a 
convenient approach on the synthesis of linear oligosaccharides motifs through 
unprotected carbohydrates as starting materials. This reaction was operated at room 
temperature in the presence of PPh3 and C2Cl6 with excellent chemical conversion 
rate. In combination of 31PNMR and ESI-MS/MS, an intermediate of 
penta-coordinated phosphorous was discovered and the possible assembling 
mechanism was also proposed. In addition, the structure of the glycosidic bond of 
synthetic glucose disaccharide was identified as 1,6-linkage by comparing with 
authentic samples. The optimal reaction condition was using DMF as the solvent at 
room temperature. In this condition, the oligomerization of unprotected 
monosaccharide with different structure was successfully achieved and their products 
was analyzed by ESI-MS/MS as well. After the addition of small peptide, such as 
serine-histidine, into the reaction above-mentioned, the corresponding 
glycoconjugates were observed by using LC-MSn. 
Sucrose is the major form of energy vector for plants, which is important for plants 
growth. Among thousands of disaccharides in Nature, why Nature chose sucrose for 
plants? This problem was explained by the investigation on the interaction of metal 
ions in gas phase and in aqueous phase using ESI-MSn and viscosity analysis. MS/MS 
results have shown that the K+ ion can stabilize sucrose to a greater extent than the 
Na+ ion. Furthermore, under the same conditions, K+ ions reduce the viscosity of 















co-transporter for sucrose. When the MS/MS collision energy is sufficiently high, 
sucrose releases fructose and glucose more easily than the other three isomers, which 
may be relevant to their biological function. This suggests that sucrose can more 
easily hold an integral structure in the transport process. Wherever it is necessary, 
sucrose can be cleaved into glucose and fructose easily. Hence, the α1→2 linkage of 
the glucose and fructose units in sucrose is essential for the choice of Nature of 
sucrose for plants, which is one of the most wonderful secrets in the biosphere. 
For the analysis of the lithium and sodium adducts of the glucopyranosyl fructose 
(Glc-Fru) isomers, both mass collision modes using CID (MicroTOF QII-MS) and 
HCD (Q-Exactive Orbitrap-MS) collision modes were applied. The differences 
between the fragment ions were evaluated by the PCA models. The glycosidic bond 
cleavage mechanism of lithiated sucrose was verified by a deuterium labeling 
experiment combined with density functional theory calculations (Gaussian 09). 
Glc-Fru isomers were discriminated in the PCA score plots for their lithium and 
sodium adducts by using different collision modes. The results showed that 
HCD-MS/MS is an ideal tool for differentiating lithium adducts, whereas, 
CID-MS/MS is better for discriminating sodium adducts. The hydrogen migration of 
the hydroxyl group at C3 of the fructose unit caused the glycosidic bond 
decomposition of lithiated sucrose. 
The identification of carbohydrate structure, including mono units, linkage position 
and anomeric configuration, still remains an audruous subject. In this study, leucine 
play a role for stabilizing the complex of [2Dis+Leu+K]+ in ESI-MS. The tandem 
mass spectrometry gave abundant specific fragmentation patterns arising from the 
cleavage of sugar ring instead of non-covalent bond dissociation. It suggested that 
leucine is capable of regulating the conformation of the complex [2Dis+K]+. This 
ternary model can be readily applied to eight glucose disaccharides and four 
glucopyranosyl fructose. Based on the correlation between structure and the 
fragments assignments, the discrimination among disaccharide isomers is observed 
intuitively and subsequently evaluated by PCA and OPLS-DA models. This 















underivatized isomeric disaccharides, but also brings a new sight towards the 
interactions of amino acids with disaccharides.  
In one word, the combined use of MS and HPLC palys an important role on the 
structural analysis of synthetic oligosaccharides. Especially for tandem mass 
spectrometry, it was efficient to “fish” reaction intermediates and characterize the 
corresponding structure. For the investigation on the interaction of 
disaccharides-cation or disaccharides-amino acid-cation, the influence of the cation or 
amino acid on the disaccharides could be reflected by using tandem mass 
spectrometry. When coordinated with statistical analysis, it was applicable to 
discriminate disaccharide isomers, and then to identify the unknown disaccharides. 
 


















符号 英文含义 中文含义 
Ara Arabinose 阿拉伯糖 
Gal Galactose 半乳糖 
Man Mannose 甘露糖 
Xyl Xylose 木糖 
Rib Ribose 核糖 
Gly Glycine 甘氨酸 
Ser Serine 丝氨酸 
SH Serine-Histidine 丝组二肽 
Leu Leucine 亮氨酸 
Ile Isoleucine 异亮氨酸 
Glc Glucose 葡萄糖 
Fru Fructose 果糖 
THF Tetrahydrofuran 四氢呋喃 
DMSO Dimethylsulfoxide 二甲基亚砜 
DMF N,N-dimethylformamide N,N-二甲基甲酰胺 
Dis Disaccharide 二糖 
Cello Cellobiose 纤维二糖 
HR-MS High Resolution Mass Spectrometry 高分辨率质谱 
ESI-MS Electrospray Ionization Mass Spectrometry 电喷雾电离质谱 
NMR Nuclear Magnetic Resonance 核磁共振 
31P NMR Phosphorus Nuclear Magnetic Resonance 核磁共振磷谱 
CID Collision Induced Dissociation 诱导碰撞解离 
HCD Higher-energy Collision Dissociation 高能碰撞解离 
PCA Principal Components Analysis 主成分分析 
OPLS-DA Orthogonal Partial Least Squares Discrimination Analysis  正交偏最小二乘法 
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